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ABSTRACT 
Aims: To evaluate and compare the effect of human saliva, artificial saliva and propolis extract on the 

wettability of heat−cured and visible light −cured denture base material .Materials and Methods: A 

total of 80 samples were prepared , 40 samples prepared from heat cured resin and the other 40 samples 

were prepared from light cured resin. These two groups were divided into four subgroups, control 

group, human saliva, artificial saliva and propolis. Contact angle measurements by sessile drop method 

with a micropipette using digital camera to determine the wettability of these samples. Mean values 

were compared statistically with one way analysis of variance (ANOVA),Duncan's multiple range test 

and t−test to determine the significant difference among the tested groups. Results:  There is a signifi-

cant differences of the mean values of the contact angle among the tested groups. The contact angle 

significantly decreased in all the treated samples. Conclusion: Heat cured resin has more wettability 

than light  cured resin. Human saliva, artificial saliva and propolis increased the wettability of both heat 

cured and light cured resin. 
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INTRODUCTION 
Wettability is a measure of the affini-

ty of a liquid for a solid as indicated by 

spreading of a drop. 
(1)

   

The wettability property of dental 

material exerts its influence on many 

fronts: contact with oral fluids (predomi-

nantly saliva), adsorption of salivary pro-

teins, adhesion of bacteria and / or bio-

films ,and frictional forces exerted by af-

fecting the oral tissues or food particles .
(2)

Wettability refers to the lowering of 

the energy of a system when a liquid wets 

a solid surface. Thus, to break such an in-

terface is similar to breaking the adhesion 

between solids: work needs to be done to 

create the break and a strength can be at-

tributed to it as an interface.Conversely, it 

is true that if there were no wetting, no 

force would be needed to be applied to 

separate the denture from saliva and there 

would be no retention.
(3)

 

The contact between the material and 

the liquid generates an interface sol-

id/liquid which will consume, during its 

formation, a defined energy called the in-

terface energy ( surface free energy) which 

is an indicator of its wettability.Therefore, 

the surface free energy is defined as the 

work necessary to separate two surfaces 

beyond the range of the forces holding 
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them together ,in most cases the contact 

angle is used as a relative measure of the 

surface energy.
(4)

 

Good wetting of heat−polymerized 

acrylic resin by saliva and saliva substitute 

is critical for optimum retention of com-

plete dentures .
(5,6)

 

For good adhesion of the denture to 

the supporting tissues, the saliva or saliva 

substitute must flow easily over the entire 

surface to ensure wetting of the adherent 

surface.The ability of a denture material to 

be wetted gives an indication of the degree 

to which the lubricating effect of saliva 

will be enhanced ,thereby promoting den-

ture retention and patient comfort .
(7)

Denture wearing may become diffi-

cult because dry mouth can significantly 

add to the problem of retaining and eating 

with the dentures, which invariably be-

come loose. The salivary mucins possess 

rheological properties that include elastici-

ty and adhesiveness, which aid in retention 

of dentures.
(5,8)

 

Visible Light Cured resins were in-

troduced into dental practice in 1983 and 

found applications in fixed and removable 

prosthodontics, maxillofacial prosthetics , 

implantology and orthodontics.
(9,10)

 

Natural products are been increasing-

ly used in oral disease prevention and 

propolis is considered the most promising 

one. Propolis is a non−toxic resinous hive 

product collected by Appis mellifera bees 

from various plant sources, and has been 

recognized as having several properties 

that confer health benefits to humans, in-

cluding prevention of oral diseases. It has 

shown antimicrobial activity against oral 

pathogens, such as Candida albicans .
(11)

In 

dentistry ,propolis has been used for the 

treatment of Candidiasis and denture sto-

matitis .
(12)

 

The contact angle of the saliva substi-

tute on the denture base can be taken as an 

indicator of the wettability − the smaller 

the contact angle, the greater the wettabili-

ty, or the contact angle is a useful inverse 

measure of wettability.
(13)

 

The aims of this study was to eva-

luate and compare the effect of human 

saliva, artificial saliva and propolis extract 

on the wettability of heat−cured and visi-

ble light −cured denture base material . 

 

MATERIALS AND METHODS 

Experimental design 

Two groups of samples were pre-

pared , the first group consisted of 40 

samples prepared from Heat cured denture 

base material and the second group con-

sisted of 40 samples made from Visible 

light cured resin. The total is 80 samples 

.Each group was divided into 4 sub-

groups.They are: 

The control subgroup GI , the human 

saliva subgroup GII, the artificial saliva 

subgroup GIII and the last  one is propolis 

extract subgroup GIV. 

Preparation of samples: 

Rectangular specimens measured 

(20,15,1.5 mm) were fabricated from heat 

cured resin and visible light cured resin.
(14)

 

The heat cured resin material used in 

this study was Respal ,Heat processed 

Type I Class I ,Italy .Wax samples were 

invested using dental stone Type III Geas-

tone,Zeus sri Loc.Tamburino GR Italy. In 

metal dental flasks in accordance with the 

manufacturer's  instructions. 

Wax elimination was done then pack-

ing of heat curing resin and then curing in 

water bath according to ADA specifica-

tions. 

The light curing material used in this 

study was ( Light Cured Material, Mega-

dental / Germany). The rectangular light 

cured samples were cut using surgical 

blade to the proper dimensions ,then cured 

using the curing machine for four minutes 

according to manufacturer's instructions. 

No finishing was done for the surface 

to be tested (tissue surface)to simulate 

clinical practice. The samples were fi-

nished on the other side (polished surface) 

manually using sand paper on a flat sur-

face.
(15)

 

Samples were stored in distilled water 

for 24 hours.
(15,16)

 

Surface treatment of samples 

Samples stored in distilled water were 

the control group GI .
(15)

 

The second group GII ,were im-

mersed in human unstimulated saliva that 

was collected from a healthy single donor 
(14)

,it was  clarified by centrifugation at 

10,000 g for 10 minutes at 4C
0
.
(17)

 

The samples were placed in human 

saliva for 30 minutes to form an acquired 

pellicle.
(18)
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The third group GIII :samples were 

placed in Fusayama artificial saliva .The 

composition of this solution was: NaCl,  

0.400g;KCl,0.400g;CaCl2H2O,0.795g;Na

H2PO4, 0.69 g; Na2S.9H2O,0.005 g; urea 

1.0 g; distilled water ,1000 ml.
(19) 

 

The fourth group GIV :samples were 

immersed in a plastic tube containing25 g 

of propolis alcohol extract(Propolis oil 

TACT ,Damascus, Syria batch 

no.621700276272. The solutions were 

changed daily. The tube supporting racks 

were covered with aluminum foil for pro-

tection against light and were stored at 

35±2ºC for 14 days.
(20)

 

Contact Angle Measurement 

The measurement of the contact angle 

was performed by a sessile drop method
(21)

 

,Contact angle measurement was calcu-

lated by dropping 15 ul of deionized water 

applied with micropipette on specimen 

surface 2 cm above the surface ,the image 

of three drops for each specimen was cap-

tured with a digital camera (DCR−SR45E 

Sony  Japan) situated at a distance of 20 

cm from pipette tip .
(22)

  

An average of each specimen was 

calculated. Contact Angle (CA) degree, 

(Figure1), was measured using Auto-

Cad.2008.18.Contact angle measurement 

was recorded by the angle between the 

tangent line and the resin surface by the 

sessile drop method.
(23) 

 

Figure1:Contact angle measurement 

 

Statistically  mean values and stan-

dard deviation were calculated . Mean 

values of the tested materials were com-

pared with One way Analysis of VA-

RIANCE (ANOVA) followed by Duncan 

multiple range test.T−test was carried out 

to determine the significant difference be-

tween heat cured and light−cured resin 

material. 

RESULTS 

The contact angle is defined as the 

angle between solid sample’s surface and 

the tangent of the droplet’s ovate shape at 

the edge of the droplet. A high contact 

angle indicates a low solid surface energy 

.This is also referred to as a low degree of 

wetting. 
(24)

 

ANOVA was carried out to test the 

significance in difference of contact angle 

values in the four groups of heat−cured 

denture base material .The results of 

ANOVA test revealed in (Table 1) showed 

that there was a significant difference be-

tween the mean values of contact angle of 

the four groups of heat−cured denture base 

material. 

 

Table1:  ANOVA of contact angle of heat cured resin tested groups

SignificantF ValueMean SquaredfSum of Squares

0.00015.476345.53531036.605Between Groups 

22.32736803.754Within Groups

391840.359Total

 

Figure (2) shows the mean values of 

the four tested groups of heat− cured resin. 

The control of heat cured samples showed 

the highest mean value of contact angle 
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which was 57.34
0
 while samples treated 

with human natural saliva showed the 

lowest mean value of contact angle which 

was  44.2  indicating better wettability 

than the other groups. 
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c.h: (control heat cured samples); h.h.s: (heat cured samples in human saliva); 

h.a.s: (heat cured samples in artificial saliva); h.p: (heat cured samples in propolis). 

Figure 2: Duncan Multiple Range Test for  heat cured tested groups(contact angle). 

 

In determining the wettability of visi-

ble light cured resin  .The highest mean 

value of contact angle was 89.49 for the 

control group and the lowest mean value 

of contact angle was for group of samples 

treated with propolis.(Figure3) 
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C.L (control light cured samples), L.H.S (light cured samples in human saliva),L.A.S(light cured sam-

ples in artificial saliva)L.P(light cured samples in propolis) 

 
Figure 3:  Duncan Multiple Range Test for light cured  tested groups(contact angle). 

 
 

One Way Analysis of Variance 

(ANOVA) showed in (Table 2) that there 

was a significant difference between all 

the tested groups. 
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Table 2 :  ANOVA of means of contact angle of light cured tested groups 

SignificantF ValueMean SquaredfSum of Squares

0.000120.3582654.97237964.915Between Groups 

22.05936794.125Within Groups

398759.040Total

 

Student T−test was carried out to 

compare between hot and light cured re-

sin. In the control untreated samples the 

heat−cured resin showed low contact an-

gle which was 57.34 compared to high 

contact angle of light−cured resin which 

was 89.49, this means that heat−cured re-

sin have more wettability than light−cured 

resin(Table3)(Figure4).

 

 
Table 3: t−test for the contact angle of  control group 

t Std.Deviation Mean N Groups 

-14.611 4.56440 57.3400 10 Con    H 

 5.25218 89.4900 10            L 
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Figure 4: Means of contact angle of control group 

 

For samples treated with human sali-

va, heat−cured resin showed low contact 

angle which was 44.2 which means high 

wettability when compared to light –cured  

human saliva treated samples which had 

contact angle of 69.88 (Table 4)(Figure 5).

 

 

Table 4: t−test for the contact angle of human saliva treated sample 

Groups N Mean Std.Deviation t 

Hum    H 10 44.2000 6.03729 -11.076 

            L 10 69.8800 4.16007  
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Figure 5: means for contact angle of  human saliva treated samples 

 

For samples treated with artificial sa-

liva, heat−cured resin showed low contact 

angle which was 46.27 compared to high 

contact angle of light−cured resin which 

was 65.28, this is shown in (Table 

5)(Figure 6). 

 

 

Table 5: t−test of contact angle of artificial saliva treated samples 

Groups N Mean Std.Deviation t 

Art    H 10 46.2700 2078.4 -8.29 

          L 10 65.2800 67689.5  
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Figure 6: Means of contact angle of artificial saliva treated samples 

 

For samples treated with propolis the 

mean value of contact angle of heat−cured 

resin was 47.01 while the contact angle of 

light−cured resin samples treated with 

propolis was 49.96 ,this is shown in (Ta-

ble6) (Figure 7 ). 
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Table 6 : t−test for contact angle for propolis treated samples 

 

Groups N      Mean Std.Deviation   t 

Pro   H 10    47.0100 3.78284 -1.950 

          L   10 49.9600 2.92810  
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Figure 7: Means of contact angle of propolis treated samples 

 

DISCUSSION 

Contact angle measurement was used 

to examine the surface energy and tension 

related to wetting the material surfaces. 

The degree of wetting corresponds to the 

surface energy of the material , and the 

drop contact angle varies inversely with its 

wetting capability.
(25)

  

Contact angle can reflects the wetta-

bility of denture materials and it was in-

fluenced by many factors such as surface 

characters , surface roughness and temper-

ature of the environment.
(26)

 

The measuring of contact angles at 

the solid-air-liquid meeting point is a 

widely known technique used to investi-

gate the wettability of solid surfaces. The 

values obtained depend on the kind of sur-

face topography , surface tension of the 

liquid and surface energy of the solid sub-

strate.
(27,28)

 

The contact angle measurement me-

thod is probably the most definitive way to 

determine the hydrophobicity of material 

surfaces. Low water contact angle values 

indicate a hydrophilic surface ,whereas 

high water contact angle are indicative of 

a hydrophobic surface. If a contact angle is 

greater than 90 degrees, poor wetting oc-

curs. 
(29,1)

 

In this study, the wettability of 

heat−cured resin was better than the wet-

tability of light−cured resin for all the 

treated groups, this result disagree with 

Sipahi et al.
(14)

   

This result could be attributed to  the 

different surface characteristics such as 

composition ,fillers, and topography.
 (30)

 

In this study human saliva and artifi-

cial saliva on heat−cured resin and 

light−cured resin produced better wettabil-

ity ,this result comes in agreement with 

Sipahi et al 
(14)

 and Sharma et al.
(15)

 

For heat−cured resin the wettability 

for human saliva was better than the wet-

tability of samples treated with artificial 

saliva. This result disagree with Aydin et 

al.
(5)

 

For light−cured resin the wettability 

for samples treated with artificial saliva 

produced better wettability than samples 

treated with human saliva. 

A factor that would affect the magni-

tude of contact angle of a fluid on a solid 
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surface is the roughness of the adherent 

surface, which differs with respect to the 

solid .
(31) 

Immersion of PMMA resins in 

propolis could alter the wettability due to 

the entrapment of water droplets in the 

pores of PMMA resins.
(32)  

 In this study, 

the lower values of contact angle found for 

groups treated with propolis could be at-

tributed to the propolis accumulation on 

PMMA resin surfaces, which was visually 

detected. The results of this study for sam-

ples treated with propolis were in agree-

ment with Silva et al.
(20)

  

 

CONCLUSION 

Heat cured denture base material had 

better wettability than Visible light cure 

resin. For Heat cured denture base materi-

al, samples treated with human saliva had 

the the best wettability compared to sam-

ples treated with artificial saliva and prop-

olis extract. For Visible Light cured resin 

,samples treated with propolis extract had 

the best wettability compared to samples 

treated with human and artificial saliva. 
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